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DEFLECTING CATHETER 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to catheters, and more 
specifically to steerable catheters. 

[0002] Guide wires are routinely steered through the human vascular 
system and, with operator experience, can be steered through vascular obstructions 
and occlusions. Catheters provide support to the guide wire and assist with directing a 
guide wire in the vessel. Changing the distal tip position of a catheter allows easier 
travel through tortuous paths by changing the direction of the path while in the body. 
Guide catheters, for example, are used to canulate the ostium of a coronary artery to 
facilitate angiographic examinations and interventions. Other catheters, such as 
balloon catheters or support catheters are introduced through the guide catheter to 
travel within the coronary arteries to more distal locations. These catheters are 
typically used in combination with a guide wire. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] In one aspect, a catheter is provided that includes a distal end, 
a proximal end, an outer tube extending from the distal end to the proximal end, and 
an inner tube extending through a length of the outer tube. The proximal end 
comprising an inflation port, an inner hub bonded to the outer tube and forming a seal 
therewith, and a flexible tube extending between the inflation port and the inner hub. 
The outer tube and the inner hub configured to rotate with respect to the inflation port. 

[0004] In another aspect, a catheter is provided that includes a distal 
end, a proximal end, an outer tube extending from the distal end to -the proximal end, 
and an inner tube extending through the outer tube. The distal end including a 
corrugated section attached to an end of the inner tube and an asymmetric balloon 
attached to the outer tube and configured to deflect the distal end of the catheter. 
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[0005] In another aspect, a method is provided for deflecting a 
catheter. The catheter includes a distal end, a proximal end, an outer tube extending 
from the distal end to the proximal end, and an inner tube extending through the outer 
tube. The proximal end includes an inflation port and a rotating hub is bonded to the 
outer shaft. A flexible tube extends between the inflation port and the rotating hub 
and the outer tube and inner tube are rotatable with respect to the inflation port. The 
distal end includes a corrugated section attached to an end of the inner passage tube 
and a deflection balloon attached to the outer tube and configured to expand more on 
one side than another side. The method comprising providing a fluid at the inflation 
port, pressurizing the fluid such that it passes through the inflation port, through the 
flexible tube, into the rotating hub, into a space between the inner tube and the outer 
tube, and into the deflecting balloon, and causing the balloon to inflate until a desired 
deflection of the distal end is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Figure 1 illustrates a proximal end of a deflecting catheter in 
accordance with one embodiment of the present invention. 

[0007] Figure 2 illustrates a distal end of the deflecting catheter 
shown in Figure 1 

[0008] Figure 3 is an illustration of a guide wire inserted into the 
catheter shown in Figures 1 and 2. 

[0009] Figure 4 is an illustration of a deflection of the distal end of 
the catheter shown in Figure 2. 

[0010] Figure 5 is an illustration of a distal tip of a rapid exchange 
deflecting catheter in accordance with an alternative embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] A low profile, deflectable catheter includes an asymmetric 
balloon that deflects a distal tip of the catheter in situ. The catheter is one of an over- 
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the-wire configuration in which a guide wire is introduced into a proximal end of the 
catheter and exits a distal end, and a rapid exchange configuration in which the guide 
wire enters the catheter near the distal end and exits the catheter at the distal end. In 
either configuration, the catheter is advanced along the guide wire until the distal end 
of the catheter is near the distal end of the guide wire. When the catheter is 
appropriately positioned, pressurization of the asymmetric balloon forms an arc that 
deflects the catheter and guide wire from their present path. 

[0012] Figure 1 illustrates a proximal portion of a deflecting catheter 
10 including a proximal end 12. Catheter 10 includes an inner tube 14 through which 
a guide wire (not shown) is passed from proximal end 12 to a distal end (not shown in 
Figure 1) of catheter 10. An inner diameter of inner tube 14 is slightly larger than the 
guide wire to be used. For example, if a 0.014 inch diameter coronary guide wire is 
utilized, a typical inner diameter of inner tube 14 is from approximately 0.017 inch to 
approximately 0.020 inch. Typical dimensions are used herein for a catheter utilized 
with 0.014 inch diameter coronary guide wires. Other embodiments of catheter 10 
exist, including, but not limited to, a catheter utilizing a 0.010 inch diameter neuro 
wire, a 0.035 inch diameter peripheral wire, or any other diameter guide wire. Such 
embodiments are fabricated by scaling inner tube 14 and other catheter components 
described herein below. 

[0013] Proximal end 12 includes an inflation port 16 in fluid 
communication with a passageway 17 extending through an outer tube 18. Inflation 
port 16 is attached to a rotating hub system 20 that is bonded to bonding point 22 
which is connected to a proximal end of tube 18 and forms a seal therewith. In one 
embodiment, the bond at bonding point 22 is formed with a light-activated adhesive or 
any suitable adhesive. Inner tube 14 extends through outer tube 18 and forms 
passageway 17 therebetween. Li one embodiment, proximal end 12 of catheter 10 is 
configured to allow inflation port 16 to remain stationary while catheter 10 is rotated 
to change an orientation of a distal end of catheter 10, as further described below. 

[0014] Inner tube 14 extends to a LUER fitting 26 and is bonded 
therewith to form a continuous guide wire lumen from proximal end 12 to distal end 
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(not shown in Figure 1) of catheter 10. When using catheter 10, the guide wire may 
be removed and fluids, for example, one or more of contrast media, drugs, and other 
solutions can be injected through LUER fitting 26. The fluids are delivered through 
inner tube 14 to a proximal end (not shown in Figure 1) of catheter 10. 

[0015] In one embodiment, proximal end 12 also includes a second 
LUER fitting 28 and an outer hub 30 attached to inflation port 16. Second LUER 
fitting 28 is configured to attach to an inflation device. Hub system 20 also includes a 
flexible tube 32 and an inner hub 34. Flexible tube 32 is fluidly connected to inflation 
port 16 and to inner hub 34 which extends from a proximal end of outer tube 18. 
Flexible tube 32 provides a fluid conduit between LUER fitting 28 and passageway 
17. Fluid is injected into inflation port 16 through LUER fitting 28 and flows through 
flexible tube 32 to passageway 17. The fluid then flows to a distal portion of catheter 
10 and into a deflecting balloon (not shown in Figure 1) to deflect the distal end (not 
shown in Figure 1) of catheter 10. 

[0016] Rotating hub system 20 further includes bushings 38 within 
outer hub 30 that rotate upon and center inner hub 34. Components within rotating 
hub system 20 are constrained axially with an end piece 40 that is also rotatable with 
respect to outer hub 30. 

[0017] In one embodiment, inner tube 14 is a three-layer tube. An 
inner layer of tube 14 is fabricated from polytetrafluoroethylene (PTFE) or similar 
lubricious material that allows a guide wire to be readily advanced or retracted 
through inner tube 14 without any appreciable friction, especially as catheter 10 
conforms to a tortuous path. In one embodiment, the inner layer is approximately 
from 0.0005 inch to approximately 0.001 inch thick. A middle layer of inner tube 14 
is a coil (not shown) configured, to maintain a passageway through tube 14 in a 
substantially round configuration, even when catheter 10 follows a tortuous 
intraluminal path. The coil reduces the likelihood of pinching the guide wire so that 
the guide wire will move freely through tube 14. In one embodiment, the coil is 
constructed of flat stainless steel ribbon. The flat ribbon construction minimizes a 
thickness of the middle layer to keep a low profile for tube 14. In a particular 
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embodiment, the coil is constructed from 0.0005 inch x 0.0025 inch type 304 stainless 
steel ribbon with 110 winds per inch. A third, outer layer of inner passage tube 14, in 
one embodiment, is fabricated from polyimide and strengthens tube 14 against 
hydraulic pressure during inflation of a balloon at distal end of catheter 10, as 
described below. Typically, this outer layer is approximately from 0.0005 inch to 
about 0.001 inch thick. 

[0018] An overall length of inner tube 14 is from approximately 40 
cm to approximately 150 cm. The length depends on the length of the catheter needed 
for a particular anatomy that is being catheterized through utilization of catheter 10. 
Other tubing materials are available and can be utilized for inner tube 14. For 
example, composite materials exist that maintain their shape and provide sufficient 
strength. In an alternative embodiment, polyetheretherketone (PEEK) is used to 
fabricate the first and/or third layers. In further embodiments, coils constructed from 
other types of steels or metals are used for the middle layer of tube 14. 

[0019] Figure 2 is a distal end 60 of catheter 10 including a tip 62 
and a corrugated section 64 that provides flexibility to distal end 60 and enables distal 
tip 62 to deflect. Corrugated section 64 allows maneuvering of distal tip 62 to a. 
region where deflection is desired. While corrugated section 64 is shown at distal end. 
60 of catheter 10 in the illustrated embodiment, in alternative embodiments, 
corrugated section 64 and a deflection point of catheter 10 are positioned at various 
locations along the length of catheter 10 by splicing corrugated section 64 into inner 
tube 14. 

[0020] Corrugated section 64 is a section of tubing that is more 
flexible than inner tube 14 and that allows a user to maintain an open lumen for a 
guide wire (not shown) when section 64 is bent. In one embodiment, corrugated 
section 64 is fabricated from a thin material which allows catheter 10 to maintain a 
low profile and withstand pressurization up to at least about 20 atmospheres. In an 
exemplary embodiment, corrugated section 64 is constructed of corrugated 
polyethylene terephthalate (PET) heat shrink tubing with a wall thickness of 
approximately 0.0005 inch. Corrugated section 64 is constructed by placing a section 
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of tubing with an inner diameter of approximately 0.024 inch over a 0.019 inch 
diameter PTFE coated mandrel. The PET tubing is heated to approximately 300 
degrees F which causes the tube to contract to the mandrel diameter. The corrugations 
are formed by compressing the tubing axially causing the material to buckle in tightly 
spaced intervals. The corrugations are thermally set by raising the temperature to 
approximately 374 degrees F allowing the corrugated tube to contract further and 
tightening the spacing of the corrugations. The material is then cooled to ambient 
temperature and the mandrel is removed. The thermal set establishes a memory for 
corrugated section 64 so that it straightens after having been bent or deflected. In one 
embodiment, corrugated section 64 is attached to a distal end 66 of inner tube 14 
forming a continuous lumen and providing a path for the guide wire. 

[0021] To construct distal end 60 of catheter 10, a protective sleeve 
68 is placed over an end of inner tube 14 to prevent the above described middle layer 
of inner passage tube 14 from damaging corrugated section 64. In one embodiment, 
protective sleeve 68 is a PET heat shrink tubing having a length of approximately 
0.040 to 0.080 inch. The tubing extends approximately halfway onto inner tube 14 
and the remainder of sleeve 68 extends beyond end 66 of inner tube 14. In one 
embodiment (not shown), a mandrel is inserted through protective sleeve 68 and into 
inner tube 14 to maintain the continuity of the lumen extending through inner tube 14; 
Heat is applied to protective sleeve 68 to shrink it onto inner tube 14 and cover the 
exposed middle layer. 

[0022] A proximal end 70 of corrugated section 64 extends over 
inner tube 14 and protective sleeve 68 and, in one embodiment, is shrunk onto inner 
tube 14 by applying heat. In other embodiments, corrugated section 64 is bonded to 
inner tube 14 by applying ultraviolet, light curable, or a cyanoacrylate adhesive. 

[0023] Distal end 60 includes a pair of radiopaque marker bands 72 
attached to corrugated section 64. A first band 72 is attached to proximal end 70 and 
a second band 72 is attached to distal end 74 to allow a deflection zone to be 
identified under fluoroscopy during a catherization procedure. In other embodiments, 
bands 72 are fabricated from gold and/or platinum foils that can be crimped onto 
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corrugated section 64 and bonded with a light activated or a cyanoacrylate adhesive. 
Alternatively, bands 72 are attached to non-corrugated ends of the corrugated tubing 
to minimize a profile of catheter 10. 

[0024] Inner tuber 14 extends within a length of outer tube 18 and 
provides a fluid path between hub system 20 and deflection balloon 76. In one 
embodiment, an inner diameter of outer tube 18 is approximately 0.004 inch larger 
than an outer diameter of inner tube 14. Outer tube 18 is constructed to withstand an 
inflation pressure of deflection balloon 76 and transmit rotational displacement (e.g. 
torque) from proximal end 12 to distal end 60 so that a deflection orientation can be 
changed during use of catheter 10. Deflection balloon 76, when inflated, achieves a 
curved orientation based upon a "memory" of the balloon material as described below. 
Distal end 62 of catheter 10 is deflected at a location of deflection balloon 76. 

[0025] In one embodiment, outer tube 18 is a three-layered tube 
similar to inner tube 14. Outer tube 18 includes an inner layer fabricated from 
polyimide approximately 0.0005 inch to 0.005 inch thick. A middle layer is fabricated 
from braided stainless steel wire. The wire is 0.0005 inch x 0.0025 inch flat type 304 
stainless steel wire with approximately 100-130 PIC (crossings per inch). The middle 
layer provides reinforcement and transmits torque from proximal end 12 to distal end 
60. An outer layer is fabricated from polyurethane and fills the voids within the 
braiding to form a smooth, atraumatic surface. In one embodiment, the outer layer is 
approximately 0.0005 inch thick to about 0.001 inch thick. In other embodiments, 
other tubular constructions are utilized. 

[0026] In one embodiment, deflection balloon 76 is formed from 
0.038 inch PET heat shrink tubing having an approximate 0.00025 inch wall 
thickness. The tubing is pressurized with air to approximately 40 psi and then the 
tubing is curved around a 0.159 inch cylinder that is heated to approximately 370 
degrees F. Deflection balloon 76 is then cooled to an ambient temperature. When 
cooled, deflection balloon 76 has a curved configuration. Cooled balloon 76 can be 
straightened and when straightened, a longer arc side of deflection balloon 76 forms 
folds 78. Ends of deflection balloon 76 are formed by placing an appropriately sized 
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mandrel (not shown) through deflection balloon 76 and heating the mandrel to 
approximately 374 degrees R The heat allows the balloon ends to shrink around the 
mandrel. The ends are then trimmed to a desired length. In other embodiments, a size 
of deflection balloon 76 is changed for different sizes of catheters. In alternative 
embodiments, other materials are used to form deflection balloon 76, for example, a 
high-density or a low-density polyethylene. 

[0027] In one embodiment, a distal end 80 of deflection balloon 76 is 
bonded to a distal end of inner tube 14 with at least one of ultraviolet curable 
adhesive, another light activated adhesive, and another adhesive type. A proximal end 
84 of deflection balloon 76 is attached to a distal end 86 of outer shaft 18 by heating 
to approximately 290 degrees F and applying an adhesive. In alternative embodiments 
(not shown), deflection balloon 76 is positioned anywhere along catheter 10 by cutting 
outer shaft 1 8 at the desired location and splicing in deflection balloon 76. 

[Q028] Because deflection balloon 76 is asymmetric, folds 78 
develop on one side of balloon 76 when it is straightened, and the other side 88 of 
balloon 76 is substantially smooth. Folds 78 may result in a surface that is too rough 
for some catheter applications. In such a case, an alternative embodiment of catheter 
10 incorporates a smoothing sleeve 90 which is placed over deflection balloon 76 to 
provide a smooth outer surface for distal end 60. In one embodiment, smoothing 
sleeve 90 is formed by blow molding a 0.012 inch inner diameter and 0.020 inch outer 
diameter polyether block amide (Pebax) tubing into a cylinder mold at 6 atmospheres 
of pressure and heated to 210 degrees F. A distal end 92 of smoothing sleeve 90 is 
reduced utilizing a mandrel (not shown) under tension at 250 degrees F. Distal end 92 
of smoothing sleeve 90 is attached to either of corrugated section 64 (embodiment not 
shown) or distal end 80 of deflection balloon 76 with adhesive. A proximal end 94 of 
smoothing sleeve 90 is attached to proximal end 84 of deflection balloon 76 (as 
shown), or alternatively, to outer shaft 18 with adhesive. 

[0029] Referring to Figure 3, in typical use, a guide wire 100 is 
inserted into inner tube 14, sometimes referred to as a guide wire lumen, of catheter 
10. Insertion into inner tube 14 typically occurs either outside of the patient or after 
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guide wire 100 has been advanced into the patient. Guide wire 100 is advanced 
through a vessel and guided, usually with fluoroscopy imaging and contrast injections, 
to the desired location. A direction of guide wire 100 is changed by rotating a 
proximal end 102, outside of the patient, with a resultant torque transmitted to a distal 
tip 104 of guide wire 100, near distal tip 62 of catheter 10. In one embodiment, distal 
tip 104 of guide wire 100 is angled, and rotating proximal end 102 changes an 
orientation of the angle and direction of guide wire 100 at its distal tip 104. When 
guide wire 100 can not be directed to a desired orientation, such as selecting a branch 
at a bifurcation, distal end 60 of catheter 10 is advanced to distal end 104 of guide 
wire 100. 

[0030] Figure 4 illustrates deflecting balloon 76 of distal end 60 
being pressurized. The applied pressure causes distal tip 62 to deflect as above 
described. An amount of deflection is proportional to the pressure within deflecting 
balloon 76 and the degree of deflection retained in the balloon memory. As distal tip 
62 of catheter 10 is deflected, an orientation of the deflection can be determined by 
viewing marker bands 72 under fluoroscopy. Orientation of the deflection can be 
changed by rotating proximal end 12 (shown in Figures 1 and 3) of catheter 10 which 
causes distal end 62 to also rotate. The additional deflection at distal end 62 of 
catheter 10 helps an operator select a different path for advancing guide wire 100. 

[0031] Another use of deflecting catheter 10 is to change a direction 
of guide wire 100 while it is being advanced through a lesion or total occlusion. 
Guide wire 100 is advanced through a lesion within a vessel to reach a distal portion 
of the vessel thereby establishing a path for therapeutic intervention. While advancing 
through the lesion, guide wire 100 may be moving in a direction away from a desired 
course, such as exiting the vessel wall rather than staying within the vessel lumen. 
Because guide wire 100 is being advanced in a lesion, it is resistant to steering 
attempts due to frictional forces the lesion imparts upon guide wire 100. In such a 
case, distal end 62 of catheter 10 is advanced to distal end 104 of guide wire 100. 
Catheter is then pressurized, causing distal tip 62 to deflect and helping to establish a 
new direction for advancing guide wire 100. 
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[0032] Figure 5 illustrates a rapid exchange deflecting catheter 150. 
An inner tube 152 forms a guide wire lumen and is shortened compared to catheter 10 
(shown in Figures 1-4). Guide wire 154 enters catheter 150, in one embodiment, 
approximately 30 cm from distal end 156 and exits a distal tip 158 of catheter 150. 
Inner tube 152 provides an exit opening 159 for guide wire 154 through an outer wall 
of outer tube 160. In one embodiment, exit opening 159 of inner tube 152 is 
positioned closer to distal tip 158 than a proximal end (not shown) of catheter 150 and 
is flush with outer tube 160. A junction 161 between inner tube 152 and outer tube 
160 is sealed with a suitable adhesive to maintain a passageway 162 within outer tube 
160 to deflecting balloon 164. A shaft 166, which in alternative embodiments is 
either solid or hollow core material extends from a LUER fitting (not shown) to inner 
tube 152. Shaft 166 is rigid enough to allow catheter 150 to be pushed or pulled along 
guide wire 154, but is also flexible enough to track along tortuous paths. Outer tube 
160 is attached to a LUER fitting, as described above, thereby establishing an annulus 
conduit between shaft 166 and outer tube 160, thereby continuing through the conduit 
established between outer tube 160 and inner tube 152. 

[0033] The rapid exchange embodiment of catheter 150 eliminates a 
need for a rotating hub assembly as described with respect to catheter 10 shown in 
Figures 1-4. A rapid exchange configuration allows catheter exchanges to be 
performed with guide wires that are shorter than twice the length of the catheter. 

[0034] Embodiments of a low profile support catheter including a 
deflecting distal end to change the direction of a guide wire therein in situ has many 
potential uses within a body. The deflection of the catheter allows better selection of 
arteries, especially at bifurcations in tortuous anatomy. For example, selecting the 
circumflex coronary artery from a long left main coronary artery can be challenging 
with a guide wire alone, while a deflecting catheter assists a -user by allowing 
additional lending" of the wire's path. Saphenous vein grafts can also be very 
tortuous, especially at the anastomosis sites. Such a deflecting catheter provides a 
benefit to such a procedure as the guide wire can be steered. Alternately, a deflecting 
support catheter provides a benefit when a guide wire is traversing a long, tight 
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stenosis or a total occlusion when the artery is totally blocked. The catheter supports 
the wire and causes the wire to be stiffer by its close coaxial placement. Such a 
deflection also helps overcome the resilience of any lesions, especially when the wire 
is advancing in an undesirable direction such as towards the arterial wall. 

[0035] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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WHAT IS CLAIMED IS: 

1 • A catheter comprising: 
a distal end; 
a proximal end; 

an outer tube extending from said distal end to said proximal end; and 

an inner tube extending through a length of said outer tube, said 
proximal end comprising an inflation port, an inner hub bonded to said outer tube and 
forming a seal therewith, and a flexible tube extending between said inflation port and 
said inner hub, said outer tube and said inner hub configured to rotate with respect to 
said inflation port. 

2. A catheter in accordance with Claim 1 wherein said inner tube 

comprises: 

an inner layer configured to allow a guide wire to pass therethrough; 
a middle layer configured to keep said inner tube from collapsing when 

bent; and 

an outer layer configured to resist hydraulic pressure. 

3. A catheter in accordance with Claim 2 wherein said inner layer 
comprises at least one of polytetraflouroethylene, polyimide, and 
polyetheretherketone. 

4. A catheter in accordance with Claim 2 wherein said middle 
layer comprises a coil of flat stainless steel ribbon. 

5. A catheter in accordance with Claim 2 wherein said middle 
layer comprises a coil of metal. 
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6. A catheter in accordance with Claim 2 wherein said outer layer 
has a thickness of about 0.0005 inch to about 0.001 inch. 

7. A catheter in accordance with Claim 2 wherein said outer layer 
comprises at least one of polytetraflouroethylene, polyimide, and 
polyetheretherketone. 

8. A catheter in accordance with Claim 1 wherein said inflation 
port is configured to be attached to a LUER fitting. 

9. A catheter in accordance with Claim 1 wherein said inner hub 
forms an annulus between said inner tube and said outer tube. 

10. A catheter in accordance with Claim 1 further comprising: 
an outer hub; and 

bushings rotatably connecting said inner hub to said outer hub. 

11. A catheter in accordance with Claim 10 wherein said inflation 
port extends from said outer hub. 

12. A catheter in accordance with Claim 1 wherein said distal end 
comprises a corrugated section attached to an end of said inner tube, and an 
asymmetric balloon attached to said outer shaft and fluidly coupled to said inflation 
port. 

13. A catheter in accordance with Claim 12 wherein said balloon 
comprises a curved inflated configuration such that inflation of said balloon causes a 
deflection of said distal end. 

14. A catheter in accordance with Claim 12 wherein a first side of 
said balloon comprises a greater length of balloon material than a second side of said 
balloon. 
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15. A catheter in accordance with Claim 1 wherein said catheter 
comprises one of an over the wire catheter and a rapid exchange catheter. 

16. A catheter in accordance with Claim 15 wherein said outer tube 
comprises an outer wall and an exit opening extending through said outer wall, said 
inner tube extending from said exit opening. 

17. A catheter in accordance with Claim 16 wherein said exit 
opening is positioned closer to said catheter distal end than said catheter proximal end. 

18. A catheter in accordance with Claim 15 wherein said outer tube 
comprises an outer wall and an exit opening extending through said outer wall, said 
exit opening flush with an outer wall of said outer tube. 

19. A catheter comprising: 
a distal end; 

a proximal end; 

an outer tube extending from said distal end to said proximal end; and 

an inner tube extending through said outer tube, said distal end 
comprising a corrugated section attached to an end of said inner tube, and an 
asymmetric balloon attached to said outer tube and configured to deflect said distal 
end of said catheter. 

20. A catheter in accordance with Claim 19 wherein said balloon 
comprises a curved configuration. 

21. A catheter in accordance with Claim 19 wherein said 
corrugated section is positioned with said balloon. 

22. A catheter in accordance with Claim 19 wherein said 
corrugated section is configured to withstand pressurization and comprises tubing that 
is more flexible than said inner tube. 
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23. A catheter in accordance with Claim 19 wherein said 
corrugated section comprises corrugated polyethylene terephthalate (PET) heat shrink 
tubing. 

24. A catheter in accordance with Claim 19 wherein said distal end 
comprises a plurality of radiopaque marker bands, a respective said band attached to a 
respective end of said corrugated section. 

25. A catheter in accordance with Claim 19 further comprising a 
smoothing sleeve extending around said deflection balloon. 

26. A catheter in accordance with Claim 19 wherein said catheter 
comprises one of an over the wire catheter and a rapid exchange catheter. 

27. A catheter in accordance with Claim 26 wherein said outer tube 
comprises an outer wall and an exit opening extending through said outer wall, said 
inner tube extending from said exit opening. 

28. A catheter in accordance with Claim 26 wherein said exit 
opening is positioned closer to said catheter distal end than said catheter proximal end. 

29. A catheter in accordance with Claim 26 wherein said outer tube 
comprises an outer wall and an exit opening extending through said outer wall, said 
exit opening flush with an outer wall of said outer tube. 

30. A method for deflecting a catheter, the catheter including a 
distal end, a proximal end, an outer tube extending from the distal end to the proximal 
end, and an inner tube extending through the outer tube, the proximal end including an 
inflation port, a rotating hub bonded to the outer shaft, a flexible tube extending 
between the inflation port and the rotating hub, the outer tube and inner tube rotatable 
with respect to the inflation port, the distal end including a corrugated section attached 
to an end of the inner passage tube, and a deflection balloon attached to the outer tube 
and configured to expand more on one side than another side, said method 
comprising: 
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providing a fluid at the inflation port; 

pressurizing the fluid such that it passes through the inflation port, 
through the flexible tube, into the rotating hub, into a space between the inner tube 
and the outer tube, and into the deflecting balloon; and 

causing the balloon to inflate until a desired deflection of the distal end 

is achieved. 

31. A method according to Claim 30 further comprising rotating 
the catheter until the distal end extends in a desired direction of travel. 

32. A method according to Claim 30 wherein the distal end 
includes radiopaque marker bands at each end of the corrugated section, said method 
comprising 

monitoring a position of the marker bands; and 

determining a deflection of the distal end based on the position of the 

marker bands. 



-16- 



WO 2004/060434 



PCT/US2003/034710 



1/5 




tcrwin. 



WO 2004/060434 



PCT/US2003/034710 



2/5 




oo 



WO 2004/060434 



PCT/US2003/034710 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

i 



(19) World Intellectual Property 
Organization 
Internationa] Bureau 




(43) International Publication Date 
22 July 2004 (22.07.2004) 



(10) International Publication Number 

PCT WO 2004/060434 A3 



(51) International Patent Classification 7 : A61M 25/01 

(21) International Application Number: 

PCT/US2003/034710 

(22) International Filing Date: 31 October 2003 (31.10.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

10/248,071 16 December 2002 (16.12.2002) US 

(71) Applicant: INTRALUMINAL THERAPEUTICS, 
INC. [US/US]; 6354 Corte Del Abeto, Suite A, Carlsbad, 
CA 92009 (US). 

(72) Inventors: JOHANSEN, Jerald, A.; 22676 Gray Fox 
Drive, Canyon Lake, CA 92587 (US). YEE, Carl, E.; 2025 
Felton Street, San Diego, C A 92104 (US). NEET, John, 
M.; 4708 Carmel Place, Lawrence, KS 66047 (US). 

(74) Agents: BEULICK, John, S. et a!.; Armstrong Teasdale 
LLP, Suite 2600, One Metropolitan Square, St. Louis, MO 
63102 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, KU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, Nl, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (B W, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

10 February 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



^= (54) Title: DEFLECTING CATHETER 




O 



^ (57) A bstract: A catheter ( 1 0) includes a distal end, a proximal end, an outer tube ( 1 8) extending from the distal end to the proximal 
^ end, and an inner tube (14) extending through the outer lube (18). The distal end including a corrugated section (64) attached to an 
end of the inner tube (14) and an asymmetric balloon (76) attached to the outer tube (18) and configured to deflect the distal end of 
the catheter (10). 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US03/34710 


A. CLASSIFICATION OF SUBJECT MATTER 




IPC(7) : A61M 25/01 




US CL : 604/528 




According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : Please See Continuation Sheet 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,879,499 A (CORVI) 09 March 1999 (09.03.1999), See figure 14. 



19, 26 



□ 



Further documents are listed in the continuation of Box C. 



□ 



See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered to be 
of particular relevance 

"E" earlier application or patent published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

"P" document published prior to the international filing date but later than the 
priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

** Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

document member of the same patent family 



Date of the actual completion of the international search 
15 November 2004 (15. 1 1.2004) 


Date of mailing Qhejnternational search report 

17 DEC 2004 


Name and mailing address of the ISA/US 
Mail Stop PCT, Ann: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Facsimile No. (703) 305-3230 


Cris L. Rodriguez 
Telephone No. 571-272-4964 



Form PCT/ISA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US03/34710 



Continuation of B. FIELDS SEARCHED Item 1: 

6(H/528,96.01,97.0U0L0U01.02J02.01J 529 
533,544.915-917.920.500.507-510; 403/43 



Continuation of B. FIELDS SEARCHED Item 3: 

EAST (catheter guide wire cannula hub fitting connecteor handle handpiece rotatable rotating rotation rotates inflation asymmetric 
corrugated bellows ridges grooves) 



(USPTQ) 



